The study aimed to establish pedometer step cut points in relation to weight status among 2,071 5-16 year old Australians. Height, weight and waist circumference were measured, and participants wore a pedometer for seven days. Pedometer values were taken as the average number of steps per day and weighted according to the ratio of weekdays to weekends. Receiver operating characteristic (ROC) curves were used to identify the optimal pedometer counts to predict overweight. Analysis of covariance (ANCOVA) was used to compare anthropometric variables across pedometer step quintiles. The ROC model for older females was nonsignificant. Optimal cut points were 12,000 for younger males, 11,000 for older males and 10,000 for younger females. These were largely confirmed by ANCOVA. The cut points were lower than previously reported for equivalent age groups. Cultural and environmental differences may necessitate population-specific guidelines to be established.
The unacceptably high prevalence of youth overweight and obesity (10) has drawn attention to the importance of active lifestyles among young people. The pedometer is increasing in popularity as a research tool for measuring physical activity as well as a stimulus for promoting physical activity. For both purposes, daily step count targets that predict positive health outcomes are essential.
In adults, the recommendation of 10,000 steps.d -1 has gained acceptance as an appropriate target for reducing the risk of overweight (20) . Among children, early guidelines of 13,000 steps.d -1 for boys and 11,000 steps.d -1 for girls were based on norm-referenced standards (22) and most likely do not represent optimum targets (21)(7). Recent studies have proposed criterion-based pedometer cut points for overweight in children (21)(7). Defining overweight according to age-and genderspecific body mass index (BMI) cut points that predict adult overweight and obesity (4), Tudor-Locke and colleagues established pedometer step thresholds of 15,000 and 12,000 steps.d -1 for boys and girls, respectively, in a multinational sample of 6-12 year olds from Sweden, Australia and the U.S. (21) . A more recent analysis of an ethnically diverse sample of 5-12 year old New Zealanders included weekend as well as weekday pedometer steps and used the 85th percentile of percent body fat derived from impedance assessment to classify overweight and normal weight children (7) . They reported higher optimum daily step counts of 16,000 and 13,000 for boys and girls respectively. These differences may be due to the definition of weight status and the mix of day types unique to this study, but may also reflect population-specific differences in pedometer-sensitive movement patterns. Notably, while the cut points proposed by Tudor-Locke and colleagues (21) were established on pooled samples of children from Sweden, Australia and the U.S., these 'global' cut points predicted weight status relatively poorly in the U.S. sample alone (2) .
No studies could be located that have proposed pedometer step thresholds for older adolescents (>12 years). It is likely that specific recommendations are appropriate for this group, to reflect different energy costs per step due to larger body size, particularly if movement velocity is different (8) . The tempo of physical activity is age-related, with older youth spending more time in walking and younger children engaging in more sporadic high intensity activity (22) . As pedometers are particularly insensitive to slow walking speeds (3) , and fail to distinguish between slower and faster running speeds, daily steps will not accurately reflect the energy costs of ambulation across wide ranges of intensity and mode. It is also feasible that the activity mix will vary by age, and that some activities not well represented by pedometers such as aquatics and cycling, may be more prevalent among adolescents than young children.
Establishment of optimal daily step counts for young people is a relatively recent research objective, and there is limited agreement in the current literature. Cut points established in one population may not be appropriate for others (7)(9), underscoring the need to identify population-specific thresholds (2) . Confusion is also attributable to methodological inconsistencies between studies, such as: criteria for defining weight categories; failure to extract underweight (5) children from the normal weight category; the number of days of pedometer data deemed acceptable (ranging from four to seven in the studies located); the duration of pedometer removal deemed acceptable (ranging from one to four hours per day); and the mix of week days and weekend days included in the data pool.
The aim of this study was to guide public health policy by estimating pedometer step thresholds associated with BMI-derived weight categories, applying the most stringent data inclusion criteria among a nationally representative sample of 5-16 year old Australians, separated into younger (5-12 y old) and older (13-16 y old) subsamples.
Methods

Participants
The subjects for this study were Australians aged between 5 and 16 years, who were interviewed as part of the Australian National Children's Nutrition and Physical Activity Survey, conducted between March and August in 2007. Clusters of postal code areas were randomly selected from across Australia, with the exception of very remote areas. Random-digit dialing was used to contact households within each postcode cluster, and eligible households (i.e., those with at least one child aged 2-16 years) were invited to participate. Only one child was surveyed from each household. The response rate was 41%. A total of 4,847 households were surveyed. Among 5-16 year olds, 2,445 provided pedometer, anthropometric and demographic data, and 2071 were retained for analyses after culling of underweight children and those not meeting pedometer inclusion criteria. Subject characteristics are shown in Table 1 .
Ethical approval for this study was obtained from the University of South Australia's Human Research Ethics Committee. Informed consent was obtained from the participants' parents, and when participants were age 14 years and older, from the participants themselves.
Data Collection
Demographic data including sex and age of the target child were gathered during a computer-assisted face-to-face interview.
Anthropometry
Height, weight and waist circumference (WC) were measured according to the protocols of the International Society for the Advancement of Kinanthropometry (ISAK; 12). Body mass index was derived from measured height and weight. Adolescents were classified as obese, overweight, normal weight or underweight (Thinness Grades 2 or 3) according to the criteria of Cole et al. (4)(5). No adolescents were categorised as Thinness Grade 1. Obese and overweight subjects were collapsed into one category and underweight subjects (63 females and 61 males) were removed from the current analyses. While no studies of physical activity patterns among underweight children could be located, it is feasible that the underweight phenotype could be associated with pathologies that also restrict physical activity. 
Pedometry
Participants were asked to wear New Lifestyles 1000 pedometers for seven consecutive days. Previous studies have found these pedometers to have excellent validity and reliability (18) . A log sheet, completed by either the participant or parent of younger children, was used to record the time each day that the pedometer was removed during waking hours, together with a brief reason. Pedometer records with fewer than 1,000 steps.d -1 on any day were excluded (16), as were records where the pedometer was removed for more than one hour per day (250 records in total). At present there is no broadly accepted noncompliance time threshold for culling pedometer data. In this study one hour was chosen to allow comparisons of cut points with similar recent studies (21)(7). Pedometer values were taken as the average number of steps per day when six or more compliant days' data were available, with the mix of weekdays and weekend days in each subject's record weighted to represent five weekdays and two weekend days.
Parent Education
Education level was based on the highest level achieved by either caregiver, and categorised as (a) high school only, (b) some postsecondary education (e.g., certificate or diploma), or (c) university degree.
Statistical Analyses
All analyses were conducted in subsamples stratified by sex and age (5-12 y and 13-16 y). This approach allows cut points to be compared with other recent studies that have focused on children up to the age of 12 years (21)(7) while also addressing the paucity of data on the teenage years. The separation of age categories at 13 years also corresponds with the age at which most Australian children transition from primary to secondary school. Body mass index scores were converted to z-scores using the United Kingdom 1990 tables (6) .
Independent samples t tests were used to compare overweight and normal weight subjects on pedometer steps. As parent education is a consistently reported predictor of children's weight status (19) , partial correlations were performed between: pedometer steps.d -1 and zBMI, controlling for parent education; and pedometer steps.d -1 and WC, controlling for age and parent education. Average pedometer steps for each subject were smoothed to 1,000 step increments (21) , which is the approximate equivalent of 10 min of brisk walking (20) , the minimum amount of activity required for health benefits to accrue (23) (14) . Receiver operating characteristic (ROC) curves were used to identify the optimal pedometer counts to predict overweight in the four sex/age groups separately. ROC curves plot the sensitivity (Se: probability of correctly detecting true-positive results) against 1 -specificity (Sp: probability of correctly detecting true-negative results) of the screening measure for a range of cut-off thresholds. In the current analysis, Se is the probability that an overweight/obese child fails to achieve the pedometer cut point while Sp is the probability that a normal weight child does achieve the cut point. The cut point is chosen on the basis that it minimizes misclassification error and maximizes Se and Sp. The areas under the ROC curves were calculated, and the null hypothesis that the area under the curve was 0.5 (predictive ability no better than chance) was tested.
Few studies have tested the utility of cut points to represent a minimum or optimal level of physical activity in relation to key health outcomes such as weight status. To test the dose-response relationship between pedometer steps and anthropometric variables, each age-and sex-specific subsample was stratified into physical activity groups based on quintiles of pedometer steps.d -1 . Differences in zBMI and WC across physical activity groups were assessed by analysis of covariance, controlling for parent education in both models, and also for age in models of WC.
Results
Descriptive Data
Descriptive information is shown in 
Partial Correlations
Among the 5-12 year olds, the partial correlations between pedometer steps and zBMI were -0.08 (p = .04) in boys and -0.12 (p = .001) in girls, while the partial correlations between pedometer steps and WC were -0.13 (p = .001) in boys and -0.10 (p = .008) in girls. Among the 13-16 year olds, the partial correlations between pedometer steps and zBMI were -0.10 (p = .03) in boys and -0.07 (p = .10) in girls, while for WC the partial correlations were -0.14 (p = .002) and -0.11 (p = .01), respectively.
ROC Analyses
The cut points derived from the ROC analysis are shown in Tables 2 and 3 . Among older females, the AUC was not significantly different to 0.5; consequently results are not reported for this group. For the other three groups, the optimal cut points (steps.d -1 ) for differentiating overweight/obese from normal weight status were 12,000 for younger boys, 11,000 for older boys and 10,000 for younger girls. These cut points are below the corresponding median steps.d -1 for younger boys (13,213) and girls (11, 602) , but similar to the median steps.d -1 for older boys (10,875). Among younger boys, 24.3% of those not meeting the cut point of 12,000 were overweight/obese, while 17.9% of those exceeding this cut point were overweight/ obese. The corresponding values for older boys (cut point of 11,000) were 26.8% and 18.6%, and for younger girls (cut point of 10,000), 38.3% and 22.2%.
Comparisons of Pedometer Steps.d -1 Quintiles
Among older males and females (13-16 y olds), ANCOVA models comparing pedometer step quintiles on zBMI were not significant (males, p = .29; females, p = .51). Among older males, the ANCOVA model for WC was significant (p = .04). Among younger males and females, ANCOVA models for zBMI and WC were significant (males, p = .04 and 0.0007 respectively; females, p = .0003 and 0.005 respectively). Among younger females there were significant differences in zBMI between the 1st (cut-point = 9,297 steps.d -1 ) and all other quintiles (see Table 4 and Figure 1 ); there were no significant differences for any other comparisons. For WC among younger females, the 1st quintile differed significantly from all others, while the 2nd quintile (11,051 steps.d -1 ) differed from the 3rd and 4th quintiles. There were no other significant differences between quintiles (see Table 4 and Figure 1 ).
Among younger males, for zBMI the 1st quintile (10,644 steps.d -1 ) differed from the 5th, while the 2nd quintile (12,326 steps.d -1 ) differed significantly from the 3rd, 4th and 5th quintiles. For WC, both the 1st and 2nd quintiles differed from the 3rd and 5th quintiles (see Table 4 and Figure 1 ). For WC among older boys, the 1st (8,223 steps.d -1 ), 2nd (9,992 steps.d -1 ) and 3rd (11,746 steps.d -1 ) quintiles were all significantly different to the 4th and 5th quintiles (see Table 4 and Figure 1 ).
Discussion
There is only one other report of pedometer steps among Australian children of a comparable age (21) . Tudor-Locke and colleagues described step counts among 6-12 year olds from Sweden, Australia and the U.S., collectively and separately by country. The average daily steps among Australians, reported for each year level, ranged from 13,864-15,023 for boys and 11,221-12,322 for girls. These are somewhat higher than the average for 5-12 year old boys in the current study (13,505 ± 3,512), but similar among girls (11,666 ± 2,673). The comparability of the studies is limited as the sample in the earlier study (21) was drawn from one Australian city and comprised of children from predominantly middle to high socioeconomic status (SES), while the current study was based on a national survey that represented the entire SES spectrum. The daily pedometer step cut points identified for younger children in this study are lower than those recently proposed for the same age group in other populations (21) . These differences could at least in part be attributed to the inclusion of weighted weekend data in the current analysis. Previous pedometry studies in children have observed significantly fewer steps on weekend days than on weekdays, among both boys and girls (7)(16). The dataset from the current study reveals that boys (5-16 y) averaged 12,926 ± 3,804 steps on weekdays, compared with 11,793 ± 5,211 on weekend days (p < .0001); the corresponding step counts for girls were 11,031 ± 3,072 and 10,179 ± 4,005 (p < .0001). In accord with the current study, Laurson and colleagues (9) included weekend data and identified lower BMI-referenced cut points of 13,666 steps.d -1 for boys and 9,983 steps.d -1 for girls age 6-12 years, compared with BMI-referenced cut points derived from school day pedometer data only (21) . Among the three age/sex groups for whom cut-points were derived in this study, 71% of younger boys met or exceeded the derived threshold on weekdays while 52% met or exceeded the threshold on weekend days. The corresponding proportions for older boys were 52% and 37% respectively, and for younger girls, 78% and 65% respectively. These observations suggest that pedometer step thresholds that do not account for weekend days may be unrealistically high, and that the inclusion of both day types in the derivation of daily targets is recommended. While it could be argued that discrete guidelines for weekdays and weekend days should be established, this is likely to be impractical from the health promotion perspective (7), particularly if different thresholds already apply for each age/sex group. Rather than accede to lower activity levels on weekends, while exhorting young people to much higher weekday levels, it makes more sense to explore ways to reduce the domination of weekend leisure time by electronic entertainments (15) .
The current study compared anthropometric attributes across pedometer step quintiles to interrogate the utility of the ROC-derived cut points as optimal targets. For zBMI among younger boys, the 2nd quintile (12,326) did not differ from the 1st, but differed from the 3rd, 4th and 5th quintiles, among which there were no significant differences (see Table 4 and Figure 1 ). This suggests that the ROCderived cut point for this group, 12,000 steps.d -1 , does represent an optimal daily exposure with respect to weight status as the outcome. With WC as the outcome variable, the children in the 1st quintile had significantly larger WC that those in the 2nd quintile, suggesting a more graded relationship between daily steps and WC. A similar confirmatory pattern was evident among younger girls; the only significant fall in zBMI corresponded to the 1st quintile (9, 297) , suggesting that the ROC-derived cut point (10,000) again represents an optimal target for this group. Among older boys, there was a clear fall in WC at the 3rd quintile (11, 742) that lends some support for the ROC-derived cut point of 11,000 for this group.
Study Limitations and Strengths
The use of pedometer steps to predict weight status has a number of limitations. For the three ROC analyses reported here, the AUC was ≤ 0.6, underscoring the multifactorial etiology of weight status in young people. There is evidence that time spent in vigorous physical activity better predicts adiposity than the total volume of activity (17) . As pedometers are insensitive to activity intensity, the information they provide will be limited in its capacity to discriminate between weight categories (2) . The limitations of BMI as an index of adiposity at the individual level are well documented (10) . The less clear associations of pedometer steps and BMI among the older children (13.00-16.99 y) in the current study, may be attributed to the body composition changes with maturation that further weaken the usefulness of BMI as an adiposity marker. As increases in BMI are more closely associated with increases in stature than increases in adiposity, incorrect weight status classifications are more likely during maturation (13) . Boys who engage in higher levels of physical activity accumulate relatively more lean mass and lower fat mass (and therefore higher BMI) than their inactive counterparts (1). As adiposity gains occur with maturity in boys and girls (11) , this will confound the classification of early maturers whose BMI will be assessed according to their chronological age (2).
Laurson and colleagues (9) used ROC analysis to determine cut points that differentiate obese from normal weight 6-12 year olds, with overweight children removed from the analyses. They reported that the AUC in this analysis (~0.75) was much higher than that observed with overweight children included (~0.66), indicating that cut points associated with obesity could be adopted with greater confidence. However, if prevention is the outcome that shapes public health policy, behavioral guidelines that are aligned with optimal health, including normal weight status, should remain an urgent research objective.
As with other studies of pedometer step cut points associated with weight status in young people, the cross-sectional design provides no evidence of causal direction of associations. It is feasible that overweight or obesity in children, arising from unmeasured factors, leads to lower physical activity levels. There is a need for cohort studies that simultaneously track physical activity levels and weight status across time.
The strengths of the current study are the exclusion of records with less than six days of pedometer data, and the exclusion of daily records for which the pedometer was removed for more than one hour. The study is unique in that it is the first to remove underweight phenotypes from the analyses. The use of an average daily step count appropriately weighted for weekday and weekend day records is a further contribution to this research area. A separate category for older (13-16 y) boys and girls was analyzed, adding to the scarce information on physical activity recommendations for this age group.
Conclusion
The current confusion around pedometer step guidelines for young people will not clear until consistent methodologies are employed. Published studies vary in terms of sample characteristics, data collection, data cleaning and analytical techniques. Despite these issues, there is evidence that cut points established in one population may not be appropriate for others, perhaps as a result of differences in dietary behaviors and the environmental milieu (9) . In the meantime, the current study has identified daily targets among younger children (5-12 y) of 12,000 for boys and 10,000 for girls that are realistic when averaged across weekdays and weekends.
